During the summer of 1973, two 0.25 mi were also operated during networks of hail detectors were established in a hail-prone region of southern Alberta, in conjunction with the hail suppression investigations being carried out by Alberta Hail Studies (ALHAS).~ Two hundred and seventy-two farmer volunteers maintained the detectors in two regions totalling 1600 mi2, providing a mean station spacing of 2.5 mi. Five dense networks with a detector spacing of August.
Introduction
Hail detectors, consisting of one-foot square pads of one-inch thick styrofoam wrapped in household aluminum foil, were independently developed and used with some success by Schleusener and Jemings (1960) , and by Decker and Calvin ( 1961 ) . Such "hailpads" have since been used successfully in Illinois (Changnon, 1969; Changnon and Towery, 1972) and in the midwest states (Hagen and Butchbaker, 1967; Butchbaker, 1968; Morgan and Towery, 1974) .
A preliminary study was made to determine the feasibility of using hailpads in Alberta, both to discriminate where hail did or did not fall and also to obtain quantitative hailfall measurements. It was hoped that such data could be related to crop damage by hail, and aid in the evaluation of hail suppression efforts.
The theory, laboratory calibration, hailpad analysis techniques, network design, and results of this 1973 study were detailed by Strong (1974) . Field verifications of the hailpad calibration have subsequently been presented by ' Current affiliation: Alberta Hail Project, Mynarski Park, Alberta. 'The name was changed in 1974 to the Alberta Hail Project which is under the auspices of the Alberta Weather Modification Board, Three Hills, Alberta.
Atmosphere Volume 15 Number 1 1977 Lozowski and Strong ( 1975 ) . The purpose of this paper is to review briefly the theory and operation of hailpads, to explain some important aspects of the 1973 measurements, and to relate these results to other field measurements of hailfall and to the design of future networks.
Theory
By solving the equation of motion for an idealized spherical hailstone in freefall equilibrium, the terminal velocity w,, is found to be a function of the diameter DH:
The following parameters were found to be most appropriate for typical Alberta conditions: drag coefficient C D = 0.6, hailstone density p = 0.89 g ~m -~, surface air density = 1.07 x g ~m -~, g = 981.3 cm s-5 Using these values, ( 1 ) becomes : w, = 13.5 D~~ (2) where W T is in metres/second and DH in centimetres. This type of relation has been confirmed by Lozowski and Beattie ( 1975 ) , who used high-speed photography to measure the terminal velocity of hailstones up to 1 cm in diameter during several 1974 Alberta hailstorms. They found that the curve W T = 13.3 DH: was a reasonable fit to their measurements. The kinetic energy of impact for such a hailstone is or 4.23 x DH4 Joules for the same Alberta conditions, where DH is in centimetres.
The Hailpad Concept and Calibration
A hailstone hitting a hailpad leaves a dent in the styrofoam-aluminum foil combination of a volume proportional to the kinetic energy absorbed by the hailpad (Lozowski and Strong, 1975) . As a consequence of this result, a relation between hailstone diameter and dent diameter can be derived, for example, by dropping steel spheres onto hailpads. These must fall from an appropriate height to simulate the impact energy of spherical hailstones of the same diameter. The use of real ice spheres for calibration is virtually precluded by the requirement for drop heights of more than 5 0 m if the larger ice spheres are to approach their terminal velocity.
For the types of styrofoam and aluminum foil used in this work,3 the relation between dent diameter ( D D ) and hailstone diameter ( D H ) was found to be
( 4 ) for 0.5 cm 4 DH 6 5.5 cm.
3DOW Chemical Styrofoam type *FR and Reynolds Wrap heavy-duty aluminum foil (0.0010 in thickness).
In using ( 4 ) to relate dent diameters to hailstone diameters, and thereby to calculate hailfall energies from the recorded hailpad dents, several other implicit assumptions are made. These are that: hailstones are hard and do not shatter upon impact; hailstones which impact a second time after bouncing provide a negligible contribution to the total impact energy derived from the hailpad; hail dents are readily distinguishable from dents made by other objects such as raindrops, bird pecks, etc.
Measurement Uncertainties
Hailpads can be used to estimate hailstone size, and hence to infer mass, terminal velocity, impact momentum, and impact energy. It was estimated (Strong, 1974) that the maximum combined absolute error in the measured impact energy of a single hailstone due to the assumptions about hail density, sphericity, drag coefficient, air density, and to uncertainties in calibration and measurement, was 2 6 5 % . Although this is an extreme value for an individual hailstone, and the actual error in the hailpad total will be smaller most of the time, it could be quite acceptable when dealing with energies ranging over four or five orders of magnitude. It should also be pointed out that the relative error in the comparison of two hailpads similarly exposed can be shown (Strong, 1974) to be considerably less than this.
One other source of error must be mentioned -that of estimating hailstone sizes from dents made by wind-blown hailstones. Here, the total impact energy is
where W H is the wind speed. In this case the hailpad dent is elongated to an elliptical shape. For such dents, only the minor axis diameter (Dm) was measured, and this was assumed to be equal to the diameter (D,) of the circular dent which would have been made by the same hailstone falling vertically. This assumption is reasonable since the horizontal partition of the energy is expected to contribute largely to elongating the dent and not to increasing its depth. Thus, the measure of impact energy obtained from the hailpad is approximately the vertical partition ( e l ) of the energy alone, and it does not include the horizontal partition (eH) of the energy, which can be quite large.
Hailpad Networks Fig. 1 shows the two main hailpad networks of 1973. The Southern Network was within the ALHAS area of total cloud seeding, while only a few single storm seeding experiments were conducted over the Northern Network. In all, 272 hailpad stations were maintained, with an average station density of 1 per 6 mi2 (15.5 km2), or a mean linear spacing of 2.5 mi (4.0 km). Five meso-meteorological stations recorded additional data on winds, rain, temperature, and humidity. Previous analysis of volunteered hail reports from local farmers suggested that typical hailswaths in Alberta were 2-5 mi (3-8 km) wide (Summers and Wojtiw, 1971) . Consequently, in order to test the representativeness of measuring point hailfalls every 2.5 mi, five dense networks were operated G.S. Strong and E.P. Lozowski during August, each covering an area of either 1 mi2 or 0.25 mi2, and having hailpad spacings of 0.25 mi (one hailpad per 0.1 km2). The locations of the meso-meteorological stations and dense networks are indicated in Fig. 1 .
Farmer volunteers carried out most of the daily maintenance of hailpad sites. Lack of time and money precluded the use of special hailpad stands, although the calibration had been made with a firm underlying surface. Instead, the hailpads were nailed to the ground with two 6 in spikes inserted through opposite corners. Subsequent field tests showed that this resulted in an under-estimate of impact energy ranging from 5 to 25%, depending on the softness of the surface underlying the hailpad.
Principal results
Seventeen hailstorms struck the two main networks during the period 25 June to 27 August inclusive. A total of 763 hail-dented pads were collected for the study, yielding point values of impact energy ranging from 10-I to 2 x 1 O3 J m-2. Fig. 2 depicts four of these hailpads with brief summaries of the derived data in the captions. The two holes in opposite corners of each pad were made by the spikes during installation. The wind estimates were made from the angles of dent streaks on the hailpad edges, although such estimates will not be discussed here.
One of the reasons for making hailpad measurements is to try to find relations between hailfall and crop damage that could be applied to the evaluation of the possible benefit of hail suppression efforts. Confidential hail insurance statistics for point locations were not readily available. Instead, less accurate crop damage estimates were obtained from hail report cards submitted by hailpad operators. Such estimates may unfortunately be biased and they may not be strictly comparable because they do not allow for differences in the time in the growing season, soil types, farming methods, local meteorological variations, damage caused by rain water run-off, and so on. In addition, it was not known whether the farmer estimated damage at the hailpad site or at another location on his farm where the hailfall may have been different. The major crop types at hailpad sites were barley, oats, and rape, the latter being the most susceptible to hail damage.
In spite of such uncertainties in crop damage estimates, we attempted to see whether a relation between hailfall impact energy and crop damage could be determined (Fig. 3) . The implication of this scatter diagram is that relatively little damage (<20% ) seems to occur unless the impact energy exceeds a lower critical value of about 50 J m-2. Beyond an upper critical energy of about 450 J m-2, the damage was always 100%. In between, a considerable scatter exists which can be reduced by more careful measurements of crop damage and the factors related to it. In Fig. 3 , we have somewhat arbitrarily postulated a logarithmic dependence of crop damage upon impact energy as given by the straight line.
Thus, although impact energies can range over four or five orders of magnitude, the most important part of this range lies between about 50 and 450 J m-2, Study to Measure Hailfall Intensity since these values determine whether a farmer suffers a small or total crop loss. Fortunately, this is also the range of greatest accuracy for the hailpad, since it lies above the energy range where a very few dents may not be a representative sample, and below the regime where multiple dents and styrofoam breakage lead to additional uncertainty. Another scatter graph was prepared for the total impact energy by adding to the abcissa values, the horizontal partition of impact energy due to the wind (obtained from farmers' estimates). This yielded an upper critical energy of around 800 J r2, a result similar to that obtained by Hagen and Butchbaker ( 1967) . The relations between crop damage and other hailfall parameters such as impact momentum or hail mass were also examined, with a similar degree of scatter being found in each case.
Distributions of Energy Values in Alberta, North Dakota, and Illinois
As a comparison with bther hailpad studies, Table 1 shows the distributions of impact energies for the 1973 ~i b e r t a network, for North Dakota (Hagen and Butchbaker, 1967) and for Illinois (Changnon and Towery, 1972) . The unusual energy ranges result from the conversion of the units it-lb f t 2 which were -used in the-U.S. studies. The energy-damage relation of Fig. 3 applied to Table  1 suggests that about 68% of the hailfall recorded within the Alberta hailpad networks during 1973 caused nil or light crop damage (less than 50 J m-2). About 27% caused moderate to severe damage (50 to 450 J m-2), while about 5% resulted in complete crop loss (greater than 450 J m-2).
A greater proportion of light hailfalls were recorded in Alberta with 87% being L146 J m-2 (10 ft-lb ft-2), compared with 83% in North Dakota and 75% in Illinois. The higher figure for Alberta may be a real climatological difference, or it may mean that a more sensitive combination of styrofoam and aluminum foil was used. The minimum value in the North Dakota data was 5 J m-2 compared with 0.1 J m-"or both the lllinois and Alberta data.
Impact energy analysis of hailswaths
The maps of impact energy for the 17 recorded hailstorms were subjectively contoured with isopleths of 0, 25, 50, 100, 200, 400, and 800 J m-2. The contour increments were multiplicative because the energy gradient tends to increase along with the energy. Near the centre of the hailswaths or where the energy exceeded 800 J m-2, the gradients were usually too high for adequate resolution with an average hailpad spacing of 2.5 mi ( 4 km) . Subjective contour smoothing was minimal, and never at the expense of violating a station value of impact energy. A feature of these energy maps is the spatial continuity of the contours, especially the zero contour. This result tends to contradict a popular notion that hailfall patterns are very sporadic by nature. At least, if hailfall patchiness in these storms did occur, it must have been on a scale smaller than that resolvable by the present network. Only the hailstorms of 16 August and 23 August will be discussed here, since additional data from the dense networks were available for these days.
August 1973
This storm affected only the northern hailpad network, and it is depicted in Fig.  4 . Recalling that energies exceeding 450 J m-* usually cause 100% crop damage, this storm stands out as a major one. In addition to causing crop damage, the hail also smashed windows and vehicle windshields, killed small farm animals, and even pierced holes in barn roofs. It consisted of two main hailswaths, with the most severe one (according to other sources) all but missing the hailpad network. The southern swath (and second one in time) has two maxima, about 15 mi (24 km) apart. For the 17 hailstorms studied, this distance between maxima along a single swath varied from 10 to 15 mi (16 to 24 km), with an average of 12 mi (19 km). We shall refer to it as the wavelength of longitudinal variation.
Noting that dense network "X" (DNX) appears to have experienced impact energies exceeding 800 J m-2, we now turn to this smaller scale of 25 hailpads on one square mile plus two main network hailpads. Fig. 5 portrays both the individual values (upper right of site symbol) and the contours of impact energy, as well as the number of golfball or larger size hailstones per hailpad (in parenthesis below the symbol). Hail sizes in Alberta are reported in terms of familiar objects, viz.: shot, less than 0.6 cm diameter; pea, 0.6 to 1.2 cm; grape, 1.2 to 2.0 cm; walnut, 2.0 to 3.2 cm; golfball, 3.2 to 5.2 cm; larger than golfball, greater than 5.2 cm (Strong, 1974) . With 12 of the 27 values of energy being less than 800 J m-*, a different scale of hailfall is immediately evident. The wavelength or distance between maxima on the fine scale appears to be about 1 mi (1.6 km), in contrast to the 10 to 15 mi (16 to 24 km) resolved by the larger scale network.
The original intention in setting up the dense networks was to test the representativeness of a single hailpad (1 ft2 or 0.09 m2) as a measure of the hailfall over a larger area ( 6 mi2 on the average for the 1973 network). In view of this, it is reasonable to ask whether the pattern of Fig. 5 may be due to a few scarce, large hailstones randomly hitting some hailpads but not others. If this were an important effect, it would cast doubt on the representativeness and hence the usefulness of the hailpad. The distribution of golfball and larger hailstones, whose contribution to the total impact energy ranges as high as 49% (at the two bottom right sites), might appear to suggest that the small-scale pattern is indeed a stochastic effect. Consequently, in order to investigate this problem further, the energy pattern for various ranges of the hailstone size spectrum was examined.
Fig. 6 displays the energy pattern over DNX, excluding golfball and larger sizes, while Fig. 7 is the pattern without walnut or larger hailstones. In addition the patterns of both impact energy and hail mass over DNX on 16 August were inspected for all size ranges, including shot and pea sizes alone, grape size, and so on. These figures are not shown, but throughout this size spectrum the hailfall patterns were basically the same as those in Figs 5-7, with a minimum near the centre and maxima near the southeast, southwest, and northwest corners of the network. Inspection of the topographical features of DNX and of the winds during the storm show that exposure problems could not have been responsible for the pattern of Fig. 5 (Strong, 1974) . It is reasonably certain then, that this pattern occurred throughout the hail size spectrum and is a result of the finescale structure of the hailstorm itself.
Concerning the question of hailpad representativeness, we note that indivi- dual measurements of energy density over this one square mile varied by more, than a factor of two from the mean (879 J m-2). This suggests that the error in estimating the average energy density over a section of land with a single hailpad measurement can exceed 100% due to such fine-scale variations.
Nevertheless, as we shall see in section 4, a network of one pad per square mile may provide quite accurate estimates of the average energy density for the entire swath.
August I973
The evening hailstorm of 23 August took a northward track, its major activity occurring to the west of both hailpad networks. However, it was of sufficient size and intensity to provide some hailpad data from both main networks and all five dense networks (Figs 8-1 1 ) . August 23 showed the most sporadic patterns of the 17 storms studied, but it is discussed here because of the wealth of data gathered, including some mobile hailpad samples obtained while pursuing the storm in a truck. The main energy maximum in Fig. 8 lies north and west of the southern dense networks. The pattern of impact energy across the dense networks (DNK, DNY, DNZ, and DNW) in Fig. 9 , does not exhibit the isolated regions of maximum and minimum energy that were noted over DNX on 16 August. Because these dense networks are only quarter sections and are spaced 1-3 mi apart, it may be that a small-scale pattern existed but was not resolved. However, it may also be that small-scale fluctuations exist only in the vicinity of a major hailfall maximum. Sufficient cases were not obtained during the present study in order to definitely resolve this uncertainty. Fig. 10 shows the hailfall pattern over the Northern Network on 23 August. Again, the pattern appears to be a little patchy, but this may be due in part to a loss of about 20% of the hailpad data because the volunteers had been asked to cease operations on August 20.4 Nevertheless, it was fortunate that an energy maximum occurred just to the southwest of DNX. Over DNX (Fig.   -400 -500'--600'\ 4It is estimated that 20-25% of the data was lost due to cessation of operations after 20 August. 11 ), the pattern is opposite to that of 16 August, with a maximum where there previously had been a minimum, while the winds were from the same direction in both cases. This result supports the contention that these are real effects and are not due to exposure or other geographically determined factors. The main energy maximum is somewhat southwest of DNX (>200 J m-2) as the main network map suggests, but there is also a secondary peak (>I75 J m-2) in the centre of the land section. Again, the "wavelength" on this fine scale appears to be about 1 mi.
Discussion

Hailpad Dimensions and Network Design
Although the 1973 networks were too small (24 mi wide by 36-55 mi long) to yield reliable data on hailswath lengths, the width of many of the swaths could be measured, as well as the longitudinal "wavelengths" of variations along a swath. For the particular storms considered, the width varied between 5 and 20 mi (8 and 32 km) with a mean of 10 mi (16 km), and the "wavelength" from 10 to 15 mi (16 to 24 km) with a mean of 12 mi (19 km). These results have important implications for the design of future hail detection networks in Alberta. Clearly, the average station spacing should be at most half the dominant scale of variation, i.e. 5 or 6 mi (8 or 10 km), simply in order to resolve the general hailfall pattern and to prevent aliasing. Damaging hail (with an energy exceeding 50 J m-2) occurred within paths 3 mi wide on the average (for example, see Fig. 4 for 16 August). This in turn suggests that a hailpad spacing of less than 3 mi (5 km) is required to adequately resolve the damaging hail. Furthermore, the dense networks show that a spacing of at most 0.5 mi (0.8 km) would be required in order to distinguish certain fine-scale patterns.
The effect of using hailpad spacings greater than 2.5 mi in 1973 was tested by systematically reducing the density of the data obtained from the storms discussed above by deleting some of the observations. This process revealed that the main large-scale patterns survived with 4-mi mean spacings, but that the patterns became unresolvable with mean spacings of 8 mi (1 3 km). There is another undesirable effect of changing the station density or of comparing data from networks of different densities. It was shown by deleting some of the hailpad observations that the mean values and the standard deviations of hailfall energy for a storm both change significantly when the network density is reduced. This problem will be considered in more detail in part 5.
Causes of the Observed Hailfall Patterns
No definitive explanation can be offered here for the two scales of hailfall variation noted; that is, wavelengths of about twelve miles, and of about one mile. Still smaller scale variations probably do exist, but these are the principal ones that have been detected with the present networks.
The formation of new convective cells on the right flank of existing thunderstorms which then propagate in a direction to the right of the cell motion (Newton and Katz, 195 8; Browning, 1964; Renick, 197 1 ; Chisholm and English, 1973) , provides a possible explanation for the large-scale pattern. Fig. 4 , for example, shows an energy maximum east-northeast of the town of Rocky Mountain House, and the energy appears to taper off to the east. At this point, perhaps a new cell started to hail, continued northeastward and then gave rise to the next energy maximum near DNX. Such an explanation is consistent with the concept of a "hailstreak" within the larger "hailswath," as defined by Changnon (1 970) .
The small-scale maxima of the dense networks probably result from the turbulent nature of such storms, each cell having more than one region of hail concentration. Morgan and Towery (1974, 1975) observed the same scale of hailfall variation occurring within a similar dense hailpad network in Nebraska in 1973. Changnon and Barron ( 1971 ) noted semi-circular areas of high crop loss (and hence high-impact energy density) ranging from 100 to 500 ft (30 to 150 m) in diameter (not wavelength) which may be due to an even smaller scale of hailfall. Such small-scale variations are likely related to frequent reports, at least in Alberta, of more than one burst of hail (Morrow, 1976) . Pel1 (1971) referred to these as "point hailfalls." Barge (personal communication) has identified small-scale radar echo features that are associated with growing cloud towers in the storm mass, and have a typical scale of a few kilometres. Similar small-scale patterns have been referred to by others as "hailcores" (Admirat, 1972) .
Measurement errors as a function of network density
The question of what network density is required in order to adequately measure hailfall energies is one with particular significance for the evaluation of hail suppression experiments. The answer must clearly depend on what is meant by "adequate." If, for instance, it is desired to compare hailfall patterns on the ground with radar echoes aloft, the spatial resolution of the hailpad network should be commensurate with that of the radar. We have shown, for instance, that with a mean network spacing of half the wavelength of significant variations in the hailfall pattern or greater, these variations cease to be resolved. This is not surprising in view of the aliasing effect, which results in wavelengths shorter than twice the network spacing being "folded" into wavelengths longer than twice the network spacing.
If, on the other hand, one wishes to obtain an accurate estimate of the mean areal energy density of the swath, the required network density can be specified in terms of the inaccuracy that one is prepared to tolerate. Questions of this nature have been examined empirically by Huff ( 197 1 ) and by Herndon et al. (1973) using dense networks of rain gauges. Further empirical results were obtained by Morgan and Towery (1975) , who looked at measurements of crop damage by hail and by Changnon (1968) who examined how the estimated areal extent of damaging hail varied with the measurement network density. In all of these papers the authors assumed the true rainfall or crop damage distributions to be given by measurements made with a high-density network. They then performed Monte Carlo experiments to assess possible errors with other network densities. The disadvantages of this method are that Monte Carlo experiments are tedious and costly and they cannot provide error estimates for network densities greater than those actually used. The method to be described here begins in much the same way by using a high-density net- work to estimate the distribution of hail energy densities. However, we avoid the need for Monte Carlo experiments through the use of elementary probability theory. In so doing, we provide a theoretical basis for the previous empirical work, and a framework for extending the range of its applicability. This approach has been employed with a different objective by Simpson et al. (1973) . The basic concept is also to be found in the work of Marshall and Hitschfeld (1953) . In order to begin the analysis, one needs to know the true distribution of areal energy densities in a particular hailswath. This can only be determined by making measurements at all points within the swath. Lacking this information, we turn to the best estimate available, namely the distribution of hail energies measured by the present hailpad network. We will take the hailswath of 16 August 1973 as an example, in order to demonstrate the approach used. Although the entire swath does not lie within the network, it will suffice for an illustration. The cumulative distribution function of the measured energy densities is shown as the jagged curve in Fig. 12 . Also shown is the best-fitting gamma distribution, whose parameters were obtained using the method described by Panofsky and Brier (1963) . We will assume henceforth that the true distribution function for the energy densities from this swath is the gamma distribution and that the measured distribution is an approximation to it. It is not necessary in what follows, to assume a gamma distribution. Any distribution that provides a good fit to the observed distribution, and for which the distribution of sample means is theoretically determinable, may be used. Using these results, the probability that the mean of a random sample of size k be less than a certain multipleof the true mean, ( p , say, is just @(<p,ka,p/k). Alternately, p % of the means of all random samples of size k will lie below [p if:
Given p, this equation can be solved for [, using tables of the incomplete gamma function (Pearson, 195 1 ) . The results of such calculations for the 16 August case, are illustrated in Fig. 13 . Since the measured swath area is approximately 410 mi2, the x-axis scale can be readily transformed from k to station density, for this case.
For random samples of size 10, that is, ten hailpads within the swath, the graph shows that 95% of the estimates of mean energy density will lie between 0.36p and 2.03p, 80% will lie in the range 0.51p to 1.58p, and 50% will lie between 0.68p and 1.25p. In order to test these predictions a Monte Carlo experiment was performed in which random samples of size 10 were selected (with replacement) from the 66 hailpad observations. The distribution of the resulting means is indicated by the black squares in Fig. 13 . The comparison with the theoretical distribution is good, except near the tail. The discrepancy here can probably be ascribed to the small number of samples used to determine the distribution of the means (only 100). The dots at k = 90 are given by a normal distribution, illustrating the approximate validity of the central limit theorem in this case even when k is not very great.
Fortunately, samples obtained using an approximately uniformly spaced array of hailpads are not strictly random because there is a certain minimum distance between pads. The spatial dispersion of the hailpad samples will reduce the probability of extreme (i.e. very high or very low) mean values, below that to be expected with completely random samples. Consequently, the error estimates in Fig. 13 larger than the scale of significant spatial variations within the swath. A further question that may arise is what will be the effect on Fig. 13 of the errors in estimating the true distribution with only 66 pad observations? In a sense this question is irrelevant, since we can postulate that a gamma distribution with the given mean and standard deviation is the true distribution function for some hailswaths (not necessarily the 16 August one). The fact that the energy distribution from the observed hailswath on 16 August closely fits the assumed gamma distribution, lends some credence to this contention.
Conclusions
The 1973 hailpad analysis of 17 storms showed that hailfall patterns are not as sporadic or patchy as many have believed. Part of the 23 August pattern might be termed sporadic, but more than one hailswath was suspected in this case.
Hailpad networks are a viable measurement tool in Alberta, but one must be aware of the limits that a particular network design places on the analysis of any results. This work has provided a means for determining such limits for hailfall.
An approximate relation between impact energy and crop damage has been found. Furthermore the hailpad provides its best measurements of hailfall over the range of most significant crop damage (impact energies of 50 to 450 J m-2). Crop damage estimates are dependent on crop type, soil type, time in the growing season, and so on, and hence they are less reliable than hailpads as a measure of hailfall unless all the relevant agricultural variables can also be measured and taken into account.
Although careful hand analysis of hailpads is a tedious operation, it can be done objectively (Strong, 1974) , yielding large amounts of data cheaply. The hailpads of this study cost about $0.25 each, while the analysis cost was about $1 per pad. The latter cost could likely be reduced further by means of an automated analysis technique.
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